and high levels of dietary protein result in a depression of food intake in growing and adult rats (11, 14, 16). The mechanisms of this decrease in food intake are not well understood.
It is well known that the hypothalamus plays a very important role in the control of food intake.
Destruction of the ventromedial area of the hypothalamus causes hyperphagia (6) and ablation of the ventrolateral area causes aphagia (2) . The aphagic animals finally may recover from aphagia when kept alive by stomach tube (21).
The experiments of Krauss and Mayer (14) showed that the food-intake reducing effects of high-protein and highleucine diets seem to be independent of the satiety function of the ventromedial nuclei. However, Nasset et al. 0.65 lateral; 1.0 above the sphenoid for the ventromedial lesions, and 6.1-6.3 anterior; 2.0 lateral; 8.4-8.5 below the dura for the ventrolateral lesions. The lesions were produced by passing direct current of 2 ma through the tip of the electrode for 15 sec. Diets. Four diets were offered to the rats: a control diet (6 % casein), a high-leucine diet (6 % casein, 6 % L-leucine), a complex amino acid-imbalance diet (6 % casein; 13,5 % of an amino acid mixture devoid of threonine), and a highprotein diet (80 % casein). Table 1 shows the composition of the diets in detail. To increase palatability of the experimental diets, 0.15 % saccharine was added.
Experimental procedure. Twenty normal, ten hyperphagic, and eight recovered aphagic rats were used for the experiments.
The rats considered as hyperphagic gained from 5.8 to 10.7 g (mean = 8.0 g) body wt/day during the first 2 weeks after surgery. Four weeks before the first experiment was started, the hyperphagic rats were fasted for 10 days to bring them back to the dynamic phase of hyperphagia. Nine months later, when all experiments had been concluded, their body weight was 605-750 g. At the same time normal rats of the same age which were fed the same diets weighed from 297 to 400 g.
The recovered aphagic rats selected for the experiments did not eat the normal laboratory diet (Ralston Purina, St. Louis, MO.) for 3-26 days and were ad&sic for 5-30 days after the operation.
To keep them alive during the period of aphagia and adipsia, a liquid diet (SKF Liquid Monkey Diet, General Biochemicals, Inc., Chagrin Falls, Ohio) and water were administered by stomach tube. Four consecutive experiments were carried out. In the first experiment the influence of the leucine diet on food intake of normal, hyperphagic, and recovered aphagic rats was tested. All rats received the control diet until food intake had stabilized.
Then all except 10 of the normal animals were switched to the leucine diet. Twelve days later they were shifted back to the control diet. Ten of the normal rats received the control diet throughout the experimental period. So, although each rat fed the leucine diet was used as its own control, food intake of these rats also could be compared to food intake of normal rats receiving the control diet continuously.
In the second experiment, saccharine was omitted from the leucine diet since, in the first experiment, compared to the normals and recovered aphagics the hyperphagics responded differently to the leucine diet. This was thought to be, in part, due to the saccharine in the diet. In this experiment only normal and hyperphagic rats were tested. Otherwise, experimental conditions were identical to experiment I. The experiment was started when food intake had become stable again.
In the following two experiments, the effects of amino acid imbalance and high-protein diets on food intake were tested under similar conditions in all three types of rats. However, the animals were fed the imbalance diet only for 6 days, whereas the high-protein diet was offered for 18 days. In all cases food intake was measured daily. To prevent spilling, special food cups were used. The rats had free access to water. In the high-protein experiment those of the recovered aphagics whose water intake was less than IO ml/ day were, in addition, hydrated by stomach tube.
Food intake of the normal, hyperphagic, and recovered aphagic rats as influenced by the leucine diet is illustrated in Fig. 1 . The food intake of the normals and recovered aphagics dropped immediately to a constant level of 63 and 67 %, respectively, of the control level (P < 0.05). However, food consumption of the hyperphagics declined gradually over the whole experimental period. Initially (day I to 3) they ate more (P < O.OZ), but at the end of the experiment they ate significantly less than the normals and recovered aphagics (P < 0.05). Food intake of 10 normal rats fed the control diet during the whole experiment (i.e., the controls) remained relatively constant. Switching the rats back from the leucine diet to the control diet caused a different response in each of the three experimental groups. Food intake of the normals rapidly increased to a maximum (23.2 g/day) within 3 days. By 6 days later the food intake of this group had declined to the control level (16-17 g/day) again. The recovered aphagics also ate more than the control level but this transient increase of food intake was significantly smaller than that of the normals (P < 0.01). Food consumption of the hyperphagics increased slowly after the leucine period. A plateau was reached after 8 days on the control diet. Table 2 shows the changes of body weight caused by this dietary treatment.
When saccharine was omitted from the leucine diet in elcfieriment 2 the food intake of the hyperphagics decreased more rapidly than in experiment I (Fig. 2) . But, just as in experiment I, there was a continuous decrease during the whole experiment.
Finally, as in experiment I, hyperphagics ate significantly less food than normals (P < 0.05). The food intake was lower in both normals and hyperphagics as compared to that of experiment 1. Changes in consumption observed in both groups after the leucine period had been concluded are comparable to corresponding values obtained in experiment I, on food intake of 20 normal and 10 hyperphagic rats, Table 3 presents average daily food intakes of the normals, hyperphagics, and recovered aphagics fed the animo acidimbalance diet. Food intake fell (P < O-01) to a similar level in all tgroups. Hence, percentage decrease was larger for the hyperphagics.
Unlike the leucine experiments, only a slight insignificant temporary increase above the control level was noticed in normals after the animo acid-imbalance feeding period had been terminated.
The data in Table 4 show the changes of body weight having occurred during the amino acid-imbalance period. Figure  3 summarizes the results of the high-protein experiment, Feeding the highprotein diet was accompanied by a dramatic drop of food intake in all experimental groups (P < 0.01). It appears that the normals and recovered aphagics food intake still was significantly below the level of the conadapted to the high-protein diet within 3-5 days. Aftertrols (P < 0.01). However, the difference was insignificant wards food intake was almost constant in these groups. Once and could not be confirmed when the experiment was readapted to the high-protein diet, the recovered aphagics peated. Responding differently from the other groups, the consumed about 15 % more food than the normals, whose hyperphagics adapted to the high-protein diet very slowly. It took them 16 days to reach a constant level of food intake. This level was identical to the level of the normals. Just as in the previous experiments, food intake of the hyperphagics increased slowly when the experimental diet was replaced by the control diet. Table 5 presents average body weight of all experimental groups before, during, and after the highprotein period. DISCUSSION Our results show that the feeding behavior of normals and recovered aphagics is similar when they are fed diets with either leucine in excess, an amino acid inbalance, or excessive dietary protein (Figs. 1 and 2 , and Table 3 ). Thus, the central nervous structures responsible for the reduction of food intake caused by such dietary treatments are still intact in rats having recovered from lateral hypothalamic aphagia. Apparently some part of the central nervous system is involved, since it was shown that injections of small amounts of the limiting amino acid into a carotid artery prevented the decrease of food intake of rats while being fed an imbalanced diet (15). S' lmilar injections into the jugular vein did not prevent the decreased feed intake.
However, there is one striking difference between normals and recovered aphagics. Unlike recovered aphagics, normals overate markedly when the leucine diet was replaced by the control diet. This transient hyperphagia, described previously in rats after restricted feeding (I), might be one of the mechanisms of body-weight regulation; since, as a consequence of the depressed food intake during the leucine period, body weight was reduced considerably ( Table  2 ). The rapid weight gain immediately after the leucine period also is in agreement with this assumption. Apparently this mechanism of body-weight regulation is damaged in recovered aphagics. The less-marked transient hyperphagia of normals after the amino acid imbalanceand high-protein-feeding periods might be attributed to smaller losses in body weight (Tables 4, 5 ,) during these esperiments.
Why the hyperphagics reacted differently from the normals to the experimental diets is not quite clear. The slow decline of food intake in this group during the leucine experiment ( Fig. 1 ) may be due partially to palatability since after omission of saccharine from the leucine diet, food intake fell more rapidly (Fig. 2) . But even under these conditions, food intake continued to decrease over the whole experimental period, Finally, in both experiments, food 403 intake of hyperphagics was significantly lower than of normals.
These observations differ in part from those of Krauss and Mayer (14). These inconsistencies can partly be accounted for in that their leucine diet was imbalanced more moderately with leucine than ours and did not contain saccharine. Furthermore, in their experiments, the leucine diet was fed only for 3-5 days.
The finally exaggerated response of obese hyperphagics to dietary leucine in excess is comparable to the overreaction of such animals to anorexigenic drugs (12, 18, 19). Hyperphagics bearing carcinosarcomas also decrease their food intake more rapidly than normals under identical conditions (4). Thus it appears that obese hyperphagics are generally more responsive to food intake-reducing treatments than normals. The reasons for this change are obscure. Perhaps changes in affective processes recently described in hyperphagics (10) are of importance.
The amino acid-imbalance diet also resulted in a more pronounced depression of food intake in the hyperphagics compared to that of normals. But, in contrast to their response in the leucine experiments, hyperphagics did not decrease their food intake continuously in this experiment. Therefore, different factors could be important for both types of food intake reduction.
The results of the imbalance experiment are not in complete agreement with data from Nasset et al. (16). They could not find a depression of food intake in hypothalamic hyperphagic rats fed an amino acid-imbalance diet, The discrepancy between their data and ours probably is attributable to differences in the degree of hyperphagia of the animals used. Their animals ate 5 g more food per day and weighed 140 g less than ours. Thus, our animals were already close to the static phase of hyperphagia, whereas Nasset's animals were still in the very dynamic phase. It is well-known that the adverse effect of an amino acid imbalance on food consumption decreases when food intake is elevated by cold exposure (13). Hence, the weak response of severely dynamic hyperphagic rats to an amino acid imbalance as described by Nasset, might be due primarily to excessive food intake, and but secondarily to the hypothalamic lesions. 0n the whole, our data indicate that the ventromedial areas of the hypothalamus are not essential for the inhibition of food intake caused by an amino acid imbalance. Apparently, the same is true for the reduction of food intake produced by high levels of dietary protein (Fig.  3) . The immediate dramatic fall of food intake evoked by the high-protein diet in all experimental groups might be due to accumulation of amino acids in the blood (3, 17), delayed stomach emptying (17), or both. For, as has been shown recently in normal rats, increase of food intake during the period of adaptation to excessive dietary protein is negatively correlated to changes in blood amino acid levels (3, 17) and stomach emptying (17 Furthermore, in preference tests carried out with 10 adult rats over 2 days, almost equal amounts of the high-protein and control diet were selected (average intake per rat per day: 8.5 g high-protein diet, 10.9 g control diet). Five rats selected more of the control diet, the other five rats more of the high-protein diet. Therefore,
